This report details the clinical, hemodynamic, and morphologic data from four patients 59 to 77 years old (mean 66) with a primary restrictive cardiomyopathy. All patients had symptoms of congestive heart failure, jugular venous distention, and murmurs of mitral and tricuspid regurgitation. Four patients required pacemakers, three for the brady-tachy syndrome and one for complete heart block. Chest x-ray demonstrated cardiomegaly in all four patients and pulmonary congestion and/or pleural effusions in three. Echocardiographic examination documented left atrial enlargement in all patients, along with normal left ventricular internal dimensions. Global left ventricular systolic function was normal in all, and left and right ventricular filling pressures were elevated and similar in three. A dip and plateau pattern was present in the pressure tracings of two of three patients. Unlike previous reports of restrictive cardiomyopathy, in our four patients there was no specific morphologic cause noted at necropsy. Pathologic evaluation demonstrated biatrial dilatation in all patients, with thrombi present in the atrial appendages in three. Normal ventricular cavity size and mild right ventricular hypertrophy were present in all patients and mild-to-moderate left ventricular hypertrophy was present in two. There were no significant pericardial, endocardial, or valvular abnormalities and no infiltrative myocardial disorders were present. Light and electron microscopic studies demonstrated only interstitial fibrosis of the myocardium. A restrictive hemodynamic profile may be observed in the absence of specific infiltrative disorders and affected patients may exhibit a prolonged clinical course of 4 to 14 years (mean 9). However, in these patients congestive heart failure responded poorly to medical therapy or surgical correction of valvular regurgitation, which is common in this disorder.
RESTRICTIVE CARDIOMYOPATHY is a form of myocardial disease with a clinical and hemodynamic profile very similar to and frequently indistinguishable from that of constrictive pericardial disease.' Clinical evidence of systemic venous congestion is frequently associated with hemodynamic evidence of elevated left and right heart filling pressures, including a "diastolic dip and plateau" configuration of ventricular pressure curves (square root sign).'o2Although the atria are frequently dilated, the ventricular cavities are usually normal in size and systolic performance as judged by ejection fraction is often well maintained. [1] [2] [3] The pathologic basis for most cases of restrictive cardiomyopathy includes infiltrative disorders such as amyloidosis, hemochromatosis, glycogen storage disease, mucopolysaccharidoses, endomyocardial fibrosis with or without eosinophilia, endocardial fibroelas-tosis, sarcoidosis, and collagen-vascular diseases like scleroderma. [1] [2] [3] [4] [5] [6] [7] [8] [9] In this report we describe the clinical, hemodynamic, and morphologic data from four patients who presented with restrictive cardiomyopathy that was not associated with the usual pathologic entities responsible for this clinical-hemodynamic syndrome.
Patients and methods
The salient clinical characteristics of the four patients included in this report are summarized in table 1.
Clinical presentation ( Chest x-ray. The roentgenographic findings demonstrated an enlarged cardiac silhouette with cardiothoracic ratio greater than 0.50 in all cases. Pulmonary vascular redistribution was present in three patients and pleural effusions were documented in three. No pericardial calcifications were evident on lateral chest x-rays in any patient.
Echocardiographic findings. M mode and two-dimensional echocardiograms were available for three patients (Nos. I to 3).
All patients had left atrial enlargement (7.2, 6.3, and 5.2 cm respectively). No patient had left ventricular dilatation. The left ventricular end-diastolic dimensions ranged from 4.0 to 4.2 cm. Borderline left ventricular hypertrophy (wall thickness 1.2 to 1.3 cm) was present in the ventricular septum and posterior free wall in two patients and in the posterior free wall in one patient. The mitral valve E point-septal separation was normal, as was the mitral valve diastolic (E-F) slope. Two-dimensional echocardiography demonstrated right atrial enlargement and confirmed M mode echocardiographic findings of right ventricular enlargement (>2.7 cm) in two patients. The three patients studied who had a rhythm originating from right ventricular pacing were found to have reduced interventricular septal motion. The clinical findings of tricuspid regurgitation were confirmed in each patient by results of two-dimensional echocardiographic contrast studies. Hemodynamic and angiographic findings (table 2) . Coiplete left and right heart catheterizations were performed in three patients. Hemodynamic findings included elevated left ventricular filling pressures (determined directly as left ventricular end-diastolic pressure) as well as elevated right ventricular end-diastolic pressure in all. A prominent early diastolic dip and middle-to-late diastolic plateau was noted in the ventricular pressure tracings of two patients.
Left ventricular contrast angiography was performed in three patients and revealed I + to 2 + mitral regurgitation in all. The left ventricular election fraction (determined by contrast angiography in three and radionuclide ventriculography in one) was 0.50 or greater in all patients. The analysis of regional left ventricular wall motion revealed posterobasal hypokinesis in one and normal contraction in three patients. Right ventricular contrast angiography was performed in three patients. The degree of tricuspid regurgitation ranged from mild (1-+4+) to severe (4+ 4+).
In all patients. coronary arteries were normal. .LEvaluated by radionuclide angiography and two-dimensional echocardiogi-aphy.
PATHOPHYSIOLOGY AND NATURAL HIST'ORY-M Y0CARI)IAL DiSLASE
Clinical course and followi-up (table l). Venticluli-deriiand paceriiakers were implanted in all patlents. Congestive heart wlilure was treated with diuretics, digitalis. aind vasodilat tory therapy. TFwo patincts underwent an opcie thoralcotolmxy for peIicaidial andl/or miy,ocatr-diail biopsy, and one underwent the procedure for mitral and tricuspid valve replacement. Two patients diced frelom intractable heart failure, one dicel fiomii pericardial tamponade afteridiagnostic thoracotomy. aniid otne pat ient dlied suddenly at home. The average duration ot cirdialc symiiptomtls betore death was 9 years (range 4 to) 14 years). The meani survivatl after the oiset of congelcstive heart failUre wasl 5 years (range 3 to 8 yecars). Pathologic study G1ross findings (figure I). All patients were studied by necropsy. The heart weights were mildly to nmoderatel y increased at 487 ± 97.5 g (range 380 to 680). In each of the four patients gross inspection of the pericardiurn showed that it was normal except tfor minor focal fibrous epicardial adhesions secondary to prior surgical exploration. Marked biatrial dilatation was found in all patients (figure 1 ) and thrombi were present in one or both atrial appendages in three. The atrioventricular and semilunavalves were structurally normal at necropsy. However, in patient No. 1 one chorda tendinea adjacent to a pacemaker lead was ruptured. The annuli of the tricuspid and mitral valve were mildly dilated. The tricuspid valve annuli measured 12.2 + )0.8 cmii (range 12 to 14, norimial = 1 1 to 13)à nd the m itral annuli 1 1. 3 ±+(0.2 cm (range 1 1 to I 1. 5, norrmal 9 to 1 1 . Ventricular cavity size was normiial in three patients and biventricuIlar dilatation was present in patient No. 4, who had undergone mitral valve replacement 24 months and tricuspid valve replacement 12 months before death. Right ventricular wall thickness was increased (>0.3 cm), measuring 0.5 cm in all patients, and increased left ventricular wall thickness (>1.5 cm) was presenit in two. Concentric left ventricular hypertrophy was present in patient No. 4 (ventricular septal and free wall thicknesses were 2.0 ciml) and increased left ventricular posterior wall thickness (1.7 cm) was observed in patient No. 2. There were no patients with asymmetric septal hypertrophy. The endocardium had patchy fibrosis in the right and left ventricular outflow tract in one patient but was normal in the other three. Gross and microscopic examination of the major epicardial coronary arteries demonstrated only minimal (less than 25%) or mild (less than 5004f) cross-sectional area luminal narrowing by atherosclerosis in the tour patients. Microscopic findings. In all four patients the pericardium was normal. The myocardium stained with hematoxylin and eosin, congo red, and trichrome stains showed only interstitial fibrosis that ranged from very mild to severe (figure 1 C) and involved both ventri-Vol. 70, No. 2, August 1984 cles to a similar degree. In patient No. 2 there was more myocardial fibrosis in the atria than in the ventricles. In no case was there evidenice ot myofiytber disarray, nor was there evidence of amyloid deposits or inflamimiiatory cells. Electron microscopic studies were perforined in two patients (Nos. I and 2). In each case the light imicroscopic findings were confirmed. In ad-;S~~~~~~~~~~~o dition, nonspecific degenerative changes of myocardial fibers were noted in all cases. The conduction system was studied in three patients and in each mildto-moderate fibrosis was present in the sinoatrial and atrioventricular nodes. The patient with complete heart block (No. 1) had extensive fibrosis in the bundle of His, whereas patient No. 2 had only mild and No. 3 no abnormal fibrosis in the bundle of His.
Discussion
Major findings. In this report we have described four patients with a clinical syndrome characterized by pulmonary and systemic venous congestion. varying degrees of atrioventricular valvular regurgitation, atrial arrhythmias, atrioventricular conduction abnormalities, markedly dilated atria, normal left ventricular global systolic function, lack of left ventricular dilatation, elevated left and right ventricular filling pressures (in three, with equalization in two and a dip and plateau in two), and absence of significant coronary artery disease as well as pericardial disease. Interstitial fibrosis was the primary histopathologic finding in the myocardium. These clinicopathologic and hemodynamic findings are consistent with an idiopathic restrictive cardiomyopathy.' Previous reports of restrictive cardiomyopathy have indicated that it usually results from a specific pathologic disorder involving the heart, namely amyloidosis, hemochromatosis, glycogen storage disease, mucopolysaccharidosis, sarcoidosis, collagen-vascular disease, endocardial fibroelastosis, endomyocardial fibrosis, or neoplastic infiltration.' '-Restrictive cardiomyopathy without a specific pathologic basis has not been well characterized. In a clinical study Benotti their colleagues, complete morphologic data on patients were not available. In addition to the documentation of the absence of infiltrative and endocardial disorders in our patients, there was no evidence of associated conditions such as right ventricular infarction'5 or hypertrophic cardiomyopathy,' .' '6 which may produce a hemodynamic profile simulating con-168 strictive pericarditis or restrictive cardiomyopathy. The four patients presented are unusual in that they demonstrate the classical clinical and hemodynamic findings of restrictive heart disease in the absence of a morphologic cause. We believe that these cases represent a clinicopathologic entity that is best labeled idiopathic restrictive cardiomyopathy. We have also seen two additional patients who did not undergo autopsies but in whom there were similar clinical and hemodynamic findings, normal pericardium, and no specific findings on endomyocardial biopsy. Clinical implications. Our study emphasizes that a restrictive hemodynamic profile may occur in the absence of specific infiltrative disorders and that affected patients may exhibit a protracted clinical course, as indicated by the long-standing nature of the symptoms in our patients. Furthermore, constrictive pericarditis may be simulated. Diagnostic exploratory thoracotomy resulted in a worsening of clinical condition in two patients and occurrence of death shortly after thoracotomy in one patient. In our patients with idiopathic restrictive cardiomyopathy, congestive heart failure responded poorly to medical therapy as well as to surgical correction of valvular regurgitation, which is commonly associated with this entity. We acknowledge the secretarial assistance of Stephanie Rose and the word-processing skills of Ella Tucker.
